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al.,	2011).		Results	of	these	studies	indicated	that	root	zone	heating	with	low	tunnels	
created	microclimates	that	supported	increased	yields	of	lettuce,	particularly	when	
root	zone	heating	was	used	with	low	tunnels	in	fields	without	high	tunnels.	Our	
research	examined	the	effects	of	floating	row	covers	combined	with	hydronic	
heating	tubes	placed	above	ground	and	adjacent	to	plants	grown	in	high	tunnels.	
Combining	high	tunnels	with	row	covers	and	hydronic	heating	systems	
creates	distinct	microclimates	that	vary	by	distance	to	heating	tubes	as	indicated	by	
nighttime	minimum	temperature	data.		Hydronic	heat	alone	did	little	to	protect	
plants	from	extreme	nighttime	minimum	temperatures	and	therefore	should	not	be	
used	for	cold	protection	inside	high	tunnels.		Row	covers	offer	moderate	protection	
and	combining	row	covers	with	hydronic	heat	doubled	the	cold	protection	of	the	
row	cover.		Thick	row	covers	did	not	significantly	outperform	medium	row	covers.	
The	microclimates	associated	with	row	covers	and	hydronic	heat	were	
associated	with	differences	in	the	yield	and	size	of	lettuce	and	the	yield	of	arugula	
plants.		Plant	weight	and	size	was	greatest	when	row	covers	were	combined	with	
hydronic	heat.		Row	covers	alone	increased	size	and	weight	of	plants	more	than	
hydronic	heat	alone.	
Additional	research	into	depth	of	heating	tube	placement	could	determine	
optimum	depth	to	facilitate	growth.		A	shallow	or	surface	placement	as	was	done	in	
the	present	study	would	allow	ease	of	removal	during	mechanical	tillage	and	may	
provide	more	protection	from	extreme	nighttime	minimum	temperatures.	
	 29	
Another	technique	for	applying	row	covers	to	plants	employs	wires	strung	2’	
above	the	crops	the	entire	length	of	the	greenhouse.		The	row	cover	is	bunched	at	
the	end	of	the	greenhouse	during	daytime	to	allow	maximum	sunlight	for	plants.		
Before	night,	the	cover	is	pulled	over	the	plants	with	a	single	cover	spanning	the	
entire	greenhouse.		Additional	studies	to	compare	row	covers	placed	in	floating	
positions,	suspended	over	the	plants	using	wire	hoops	and	suspended	over	the	
entire	greenhouse	floor	using	greenhouse	length	wires	may	provide	valuable	
information	to	optimize	growth	and	cold	protection.	
Hydronic	heat	is	possibly	enhanced	by	the	addition	of	solar	energy	when	
thinner	row	covers	are	used.		This	suggests	that	use	of	black	plastic	mulch	systems	
with	row	cover	treatments	may	enhance	row	cover	performance	more	than	
additions	of	hydronic	heat	alone.	Future	studies	to	evaluate	black	plastic	mulch	
systems	combined	with	heat	and	fabric	row	cover	arrangements	may	help	to	
identify	combinations	of	such	components	in	systems	that	can	be	utilized	to	provide	
optimal	cold	protection	for	plant	production	inside	high	tunnels.			
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